Human 20α-hydroxysteroid dehydrogenase (AKR1C1)-dependent biotransformation with recombinant fission yeast Schizosaccharomyces pombe.
While phase I and phase II drug metabolites are important for drug development and toxicity studies, e.g. in the context of metabolites in safety testing (MIST), they are often not commercially available and their classical chemical synthesis can be cumbersome. Therefore, a biotechnological production of drug metabolites using microorganisms that recombinantly express human enzymes has been established in recent years. However, no whole-cell biotransformations that make use of human aldo-keto reductases (AKRs) have yet been reported. In this study, we have functionally expressed human AKR1C1 (20α-hydroxysteroid dehydrogenase) in the fission yeast Schizosaccharomyces pombe and demonstrate the ability of the resulting yeast strain to efficiently catalyze the reduction of progesterone or dydrogesterone to 20α-dihydroprogesterone (20α-DHP) and 20α-dihydrodydrogesterone (20α-DHD), respectively. The formation of any by-products or the occurrence of a back reaction were not detected. Seven other steroids with a 20-keto group (pregnenolone, 17α-hydroxyprogesterone, 11-deoxycortisol, cortisol, 11-deoxycorticosterone, corticosterone, and aldosterone) were not reduced by this system. At shaking flask scale we obtained conversion rates of 90 (±26) μM/d 20α-DHP and 244 (±93) μM/d 20α-dihydrodydrogesterone (20α-DHD), respectively. In a fed-batch fermentation under optimized reaction conditions an average 20α-DHP production rate of 300 μM/d was determined for a total biotransformation time of 72 h. We thus established an AKR-dependent whole-cell biotransformation process that can be used for production of human AKR metabolites on a large scale.